introduction
Previous investigations of health in the Mariana Islands indicated that the prehistoric inhabitants living on the smaller islands of the southern group of islands in this archipelago (i.e., rota, tinian, and saipan) were less healthy than those living on guam, the largest island ( Pietrusewsky et al. 1997; Pietrusewsky et al. 2010 Pietrusewsky et al. , 2011 Pietrusewsky et al. , 2014 . these islands' greater susceptibility to environmental perturbations, smaller landmass, remoteness, lower rainfall, access to fresh water, narrow and noncontinuous fringing reefs, and sea level fluctuations have been cited as possible reasons for the observed differences (hunter-anderson 2010) . this study expands on previous research by examining intra-island differences in health between males and females and whether or not these sex differences are consistent across the islands. we also address whether there are differences in male and female health between the islands. in addition to physical environmental factors, cultural and biological factors that may explain these differences are discussed.
sex differences in skeletal stress indicators have attracted the attention of investigators since early theories of the effects of population growth and subsistence transitions on human populations were proposed (cohen and armelagos 1984) . larsen (2015) related a nearly universal greater caries rate in females to differing food consumption, and noted a gradually accumulating body of global literature identifying sex differences in antemortem tooth loss (aMtl), nonspecific infections, trauma, osteoarthritis, and cross-sectional bone geometry, all leading to an expanded and more nuanced understanding of human lifeways. although some sex differences are intuitively expected based on physical differences and by extension activity differences (e.g., greater fracture rates in males), others are not. interpretation requires careful examination of the specific cultural and physical environment. research has shown that physiological differences in hormone levels and immune function in males and females may contribute to observed differences in stress indicators. for example, iron deficiency anemia is more common and more severe in boys (stuart-Macadam 1998) ; females have a greater ability to resist nutritional deficiencies and have greater immune reactivity and better immune response than males except during pregnancy, when the immune function is suppressed (ortner 1998) . given equal nutritional stress, male stature will be impacted more than female stature because of the buffering effects of female hormones, unless there is differential access to foods that discriminates against females (stini 1985) . lukacs and largaespada (2006 : 540) argue that "physiological changes associated with fluctuating hormone levels during individual life histories" of women are likely to have a greater influence on caries rates than earlier dental eruption and differential access to foods. these findings suggest that sex differences in indicators of stress in skeletal series are multifactorial and not easily attributed to behavioral or cultural differences.
the mariana islands the Mariana islands, made up of the summits of 15 volcanic islands and numerous smaller geologic outcroppings, are located between 13° and 21°n latitude and 144° and 146°e longitude in the western Pacific ( fig. 1) . guam, rota, tinian, and saipan, the largest islands in the archipelago, are the most favorable to human settlement in prehistory and in modern times. geologically, the southern islands are a combination of volcanic and raised coralline deposits surrounded by a fringing reef. the remaining, generally unpopulated, northern islands are of more recent volcanic origin.
guam, the largest island in the Mariana islands and Micronesia, measures approximately 549 km 2 . the island is divided into a volcanic southern section of mountainous grasslands and a northern uplifted limestone plateau surrounded by cliffs. Prior to the arrival of the first humans, approximately 3500 b.p., the northern half of the island was heavily forested. the fringing reefs, lagoons, and bays found on the west side of the island (e.g., tumon Bay and agana Bay) are among the most densely settled areas of the island in ancient and modern times. fresh water is found year-round in rivers, streams, and small mountain pools on guam.
rota, located 76 km north of guam, is only 85.4 km 2 in area and the smallest of the four major southern islands. the island consists of a series of limestone terraces surrounding a volcanic core, with a narrow fringing reef, few or no lagoons, and little surface water. rainfall is concentrated during the wet season, making rota very vulnerable to water shortages during the dry season ( Butler 1988 : 11) . however, water caves, found throughout the island, undoubtedly were, and continue to be, a valuable source of fresh water on rota ( keel et al. 2005) .
tinian, located 117 km north of rota, is the third largest island, with a land area of 101 km 2 . tinian island is essentially a terraced platform of elevated reef limestone of varied topography (fosberg 1960). hagoi lake on the north end of the island is the only permanent surface water found on the island (fosberg 1960).
saipan, located approximately 8 km north of tinian, is approximately 120.6 km aquifers within the island mass fluctuates with the tides and may be intermittently accessible at springs and seeps in the coastal areas (carruth 2003) . the marine tropical climate of the Mariana islands is characterized by a pronounced summer monsoon, which often results in heavy rains, tropical storms, and typhoons (hanson and Butler 1997; tracey et al. 1964) . there is little seasonal temperature change throughout the year and average monthly temperatures range from 20 to 30 °c. Despite receiving high annual rainfall (2000 to 2500 mm), the islands are subject to serious drought conditions during the dry season, often prolonged by the el niño/southern oscillation ( enso) phenomenon (hunter-anderson 2010) . with the exception of guam, surface water on the remaining islands is scarce, a situation that can lead to serious water shortages. overall, these islands' susceptibility to droughts, severe tropical storms, and cyclones cause periodic devastation of reef systems and terrestrial vegetation, contamination of freshwater sources with seawater, and damage to other resources (hunter-anderson 2010, 2012) . the larger Mariana islands support tropical seasonal vegetation that ranges from grassland to moist forests. humans, who introduced exotic plant and animal species, heavily impacted the native vegetation of these islands (athens and ward 2004) .
chamorro prehistory and subsistence human occupation of the Mariana islands began approximately 3500 b.p., most likely introduced from the Philippines and island southeast asia carson 2012a , 2014 Dixon and schaefer 2014; fitzpatrick and callaghan 2013; hung et al. 2011; hunter-anderson 2010; Vilar et al. 2013) . the prehistory of the Mariana islands is traditionally divided into Pre-latte, transitional Pre-latte, and latte periods, following Moore (1990) . Latte refer to paired stone pillars with cup-shaped capstones, which likely served as building supports (carson 2012b; Davis et al. 1992; graves 1986; hanson and Butler 1997) .
During the Pre-latte period (1500 b.c. -a.d. 400), population size was small and concentrated in coastal villages, whose inhabitants relied on fishing, shellfish, and agricultural subsistence. the transitional Pre-latte period (a.d. 400 -900) witnessed adaptive changes associated with increasing population size and an expansion of human settlement from the coast to the interior of the islands (hunter-anderson and Butler 1995 : 66) . this expansion appears to have involved more intensive use of terrestrial resources with the effect of increasing the diversity of areas in which crops were raised. During the latte period (a.d. 900 -1700), in addition to the presence of latte structures in larger villages, other changes in technology allowed the settlement of inland areas of the larger islands. recent genetic evidence suggests the people living during the Pre-latte period were descendants of an earlier small founding group of migrants from island southeast asia c. 4000 b.p. who were later joined by another migration from island southeast asia c. 1000 b.p. ( Vilar et al. 2013) . there is overlap of the latte period with the protohistoric period, which began with ferdinand Magellan's historic landfall in guam in 1521 and culminated with the forcible removal and relocation of most of the chamorro to guam in the late 1600s and early 1700s (farrell 1991 : 176; lévesque 1997 : 153 -161, 182 -199; russell 1998 : 313 -315) .
the early inhabitants of the Mariana islands undoubtedly faced environmental as well as geographical challenges. the remoteness of the islands, small landmasses, narrow non-continuous fringing reefs, volcanic eruptions, earthquakes, typhoons, and fluctuations in sea level and climate were among the challenges to successful occupation of these islands in the western Pacific. in addition to local environmental fluctuations, the early inhabitants faced greater regional changes in climate linked to the transition from the relatively warm, wet climate of the Medieval warm Period (MwP, c. a.d. 800 -1350) to the cooler, drier little ice age ( lia, c. a.d. 1350 -1900) (hunter-anderson 2010, 2012; nunn 2007) . in addition to cooler temperatures during the lia, lower sea levels and increased weather systems likely increased periods of drought, requiring even greater cultural adjustment by these island inhabitants.
although climate change and fluctuations in sea level and temperature are known to affect land use and subsistence economy, climate change during the latte period in the Marianas may not have been as pronounced as in the central and eastern Pacific and other regions of the world during the transition to the lia (carson 2012b; hunter-anderson 2010, 2012; nunn 2007) . the subsistence economy of the latte period, including horticulture and reliance on marine resources, may have allowed the chamorro of this time period to be more tolerant of climatic change, including periodic typhoons (carson 2012b; hunter-anderson 2010) . the generally favorable and stable conditions of the MwP may have resulted in population expansion and more intense utilization of inland and coastal regions (carson 2012b; hunter-anderson 2010, 2012) .
Pre-contact chamorro subsistence economies included cultivated tree and root crops typical of the tropical island environment such as coconut, banana, breadfruit, taro, yam, and possibly rice -foods that tend to be high in carbohydrates. likewise, the early chamorro gathered and hunted endemic migratory birds, native fruit bats, turtles, and crabs ( Butler 1990; Dixon et al. 2003 : 17; hunter-anderson and Butler 1995; russell 1998 : 179) . commensal species, such as rats, arrived in the islands during the latte period, but others such as pig, dog, and chicken, frequently associated with the initial colonizers of other parts of remote oceania, were missing (carson 2012b : 58). early chamorro supplemented terrestrial-based economies with marine resources, including fish and shellfish, found in the surrounding reefs, reef flats, and deep-water environments (alkire 1977 : 7; Butler 1988 : 16). previous research in bioarchaeology of the mariana islands and this study Previous ( Douglas et al. 1997; hanson and Butler 1997; Pietrusewsky et al. 1997 ) and more recent ( Pietrusewsky et al. 2010 ( Pietrusewsky et al. , 2011 ( Pietrusewsky et al. , 2014 work in the Mariana islands has established general findings on health and disease. the ancient chamorro were medium to tall statured people with good oral-dental health and strong robust bones reflecting active use of the limbs in both sexes. they suffered from leprosy, gout, and treponemal infection, which was likely endemic in the islands from the latte period into the historic period ( Pietrusewsky et al. 1997; Pietrusewsky et al. 2007; rothschild and heathcote 1993; stewart and spoehr 1952; trembly 1995 , 1996 . a stress fracture of the lumbar spine (spondylolysis) occurred at a very high rate in the prehistoric chamorro sample (arriaza 1997), which is consistent with extreme physical exertion such as required for quarrying and building limestone latte sets. slight osteoarthritis was predominant in both sexes but advanced osteoarthritis was more common in females than males in a large skeletal series from apotguan (apurguan), guam, suggesting activity pattern differences ( Douglas et al. 1997) . sex differ-ences in oral-dental pathology were noted in the apotguan series, including significantly higher rates of periapical abscesses and alveolar resorption and attrition in females. a second large skeletal series (n = 482) from guam (i.e., the hyatt hotel site on tumon Bay) has only recently become available to address questions of sex differences in health ( ryan 2010; stodder et al. 2016; trembly and tucker 1999) . using data provided in trembly and tucker (1999) , no statistically significant sex differences were found in the rates of cribra orbitalia (co), spondylolysis, or treponemal infection. linear enamel hypoplasia ( leh) in the canines and incisors was significantly greater in male teeth (17.1%) than in female teeth (8.7%). Betel-stained teeth were significantly more common in females (80.2%) than males (63.9%). antemortem tooth loss (aMtl) was significantly greater in males, while females had significantly more dental calculus. no significant differences were noted in other dental pathologies (e.g., caries and attrition). long limb bone fractures were noted in three females with an incidence (calculated from length measurements) of 3/212 (1.4%), but no long limb bone fractures occurred in males (0/195); other traumas were described in both sexes (trembly and tucker 1999 : 37 -41).
Pietrusewsky and colleagues (2014) recently summarized health and lifestyle indicators and examined interisland differences in 385 skeletons, sexes combined, from 22 sites on all 4 of the main islands, the largest data assemblage from the Marianas to date. findings included interisland similarities in stature, long limb bone fractures, spondylolysis, and alveolar defects. childhood stress, reflected in frequencies of co and leh, was greater on the more northern islands of tinian and saipan, while treponemal disease was highest on the smaller island of rota ( perhaps due to sample size). the oral-dental indicators varied between the islands, the outcome influenced by the cultural habit of betel nut chewing, which was more common on the northern islands. to further investigate interisland differences, we examine sex differences in the prevalence of these markers of health and disease for each of the main four islands and then for all the islands combined.
skeletal series a total of 333 sexed adult skeletons from 21 primarily coastal sites on guam, rota, tinian, and saipan of the Mariana islands are included in this study ( fig. 1 ; table 1). assembled over more than three decades from cultural resource management projects, all of the skeletons in this analysis were examined by the authors except for two samples from rota that we believe utilized very similar methods. the majority of these skeletons are from the latte period (a.d. 900 -1700), but a few (e.g., from the fujita and Matapang sites on guam) are from the transitional Pre-latte period (a.d. 400 -900).
there are typically more males than females in most skeletal series and the sex ratio is skewed heavily toward males for saipan. overall, young (20 -34) and middle-aged (35 -49) adults are equally represented, although the saipan series has an older age-atdeath profile (60.5% middle-aged or old [50+ years]), followed by the guam series (46.0% middle-aged or old-aged). approximately 9 percent of all adults died during old age. the san antonio skeletal series analyzed in earlier studies of health and disease in the Mariana islands is omitted from this study because preservation and completeness prohibited sex estimates ( Pietrusewsky et al. 1997; Pietrusewsky et al. 2014) . methods standard osteological methods were used to estimate sex and age-at-death ( Buikstra and ubelaker 1994; Pietrusewsky and Douglas 2002) . the skeletal and dental indicators of health investigated include those attributable to non-specific systemic stress during growth and development (e.g., leh and co) and those that suggest specific stressors (e.g., trauma, infection, and dental disease). with the exception of the airport road site on rota, the data used in this article were recorded by Pietrusewsky and those who were trained by him, thus minimizing inter-observer error. fisher's exact test was used to test for significant differences in the discontinuous data and student's t-test for continuous data (thomas 1986) . the contributions of the co-authors are as follows: M.P. and M.t.D. designed research, recorded data for the research, analyzed data, and wrote this article. M.k.s., r.a.h., and M.a.f. excavated key skeletal samples and associated cultural materials from tinian and saipan and contributed to interpretations of the data and writing the article.
Cribra Orbitalia (CO)
cribra orbitalia (co), characterized by sieve-like lesions that develop in the orbital roofs, is commonly attributed to iron deficiency anemia (oxenham and cavill 2010; stuart- Macadam 1989 Macadam , 1991 or megaloblastic anemia ( walker et al. 2009) . in this study the frequency of co is reported by individual.
Linear Enamel Hypoplasia ( LEH)
linear enamel hypoplasia ( leh), observable as one or more transverse furrows or grooves of varying depths on the crown surfaces of teeth, is generally linked to the disruption of enamel development during infancy and early childhood (goodman and rose 1990, 1991) . a variety of stressors, including malnutrition, metabolic disorders, acute and chronic infections, physical trauma, and hereditary conditions that affect the mother and/or growing child can disrupt enamel production (goodman et al. 1984; goodman and rose 1990, 1991; hillson 2008) . Because defects are more frequent in the incisor and canine teeth, we report any manifestation of leh, regardless of the number of defects or their severity, on a presence/absence basis for these teeth only.
Stature
Because of the lack of population-specific stature formulae for chamorro skeletons the stature estimates are based on formulae for new Zealand Maori (houghton et al. 1975 ) using the maximum and/or physiological length measurements for adult males and females. if more than one stature estimate was calculated, the estimate having the least error was selected.
Limb Bone Fractures
Major limb bone fractures (clavicle, humerus, radius, ulna, femur, tibia, and fibula) provide an indication of the frequency and type of traumatic, accidental, or deliberate injury in a population ( lovell 2008; walker 1989) . although healed fractures of other bones in the skeleton, including the skull, are observed in Mariana skeletons, because of difficulties in establishing frequencies in these kinds of fractures, we focus on the long limb bones. the frequency of fractures is estimated using the corresponding number of complete, or nearly complete, bones reported.
Spondylolysis
spondylolysis is a non-displaced stress fracture of the vertebrae occurring at the pars interarticularis (the part of the vertebra between the superior and inferior facets). this type of fracture is often related to repeated stress to the lower lumbar vertebrae by physical activities requiring flexion of the lumbar spine with the legs extended (Merbs 1996; ortner 2003) . arriaza (1997) proposed hyperextension of the lower back under stressful conditions, such as in latte construction, as a possible explanation for spondylolysis. the frequency of spondylolysis is based on the number of lumbar vertebrae observed.
Infection treponemal infections including pinta, yaws, and syphilis are caused by the spirochete Treponema pallidum. of these, only yaws and syphilis affect the skeleton, producing lesions of the cranial vault, as well as symmetrical appositional lesions of the long limb bones (ortner 2003) .
it is widely acknowledged that venereal syphilis was absent in the Mariana islands and the Pacific prior to contact with europeans ( Baker and armelagos 1988; stewart and spoehr 1952) , leaving yaws as the treponemal infection most likely responsible for bony lesions observed in skeletons from this region of the world before the historic period ( rothschild and heathcote 1993). Bony changes attributed to treponemal infection, such as periosteal reaction, gummatous osteitis, and cloacae, were observed in the skeletons from the Mariana islands. here, we report the frequency of treponemal infection by individual.
Dental Modification and Pathology
Betel-stained teeth and dental pathology are scored on a "per tooth/per socket" basis and are reported in adults (>15 years) with sex estimates. the staining of the tooth enamel in the skeletons from the Mariana islands is usually light to dark brown/ reddish brown in color and typically involves buccal and lingual surfaces, to varying degrees, of all permanent teeth in the maxillary and mandibular dentitions. this pattern suggests the staining is due to chewing of betel nut rather than the intentional blackening of the labial/buccal surfaces of the anterior teeth observed in asia and elsewhere (hanson and Butler 1997; oxenham et al. 2002) .
Dental Caries -Dental caries is a demineralization of the tooth structures caused by organic acids produced by bacterial processes involved in the fermentation of dietary carbohydrates (hillson 2008 : 313) . Dental caries are scored on a presence/absence basis.
Alveolar Defects -alveolar defects are loss of alveolar bone around the apex of the tooth roots, originating from infections of the pulp. the term "alveolar defect" replaces "dental abscess" used in previous studies (e.g., Pietrusewsky et al. 1997; steckel and rose 2002) . alveolar defects are scored on a presence/absence basis.
Dental Calculus -Dental calculus, which is enhanced by high carbohydrate diets, is calcified or mineralized dental plaque (hillson 2008; lieverse et al. 2007 ). a number of variables are responsible for the mineralization of plaque including an alkaline oral environment, "salivary flow rate, hydration, calcium and phosphate levels in the blood, mineral content of drinking water, silicon content in both food and water, and plaque accumulation" ( lieverse 1999; lieverse et al. 2007 : 332) .
of the two forms of calculus generally recognized (hillson 2008; lieverse 1999; white 1997), we report only supragingival calculus, which is observed on the tooth crowns and sometimes roots. in the skeletons from the Mariana islands, dental calculus was mainly confined to the tooth crown and cemento-enamel junction. in this study, we report the overall frequency of advanced (moderate and marked) calculus ( Brothwell 1981 : 155) .
Dental Attrition -Dental attrition results from tooth-on-tooth contact, which produces wear facets on the occlusal and proximal surfaces of the teeth in function (hillson 1996) . in the skeletons from the Mariana islands, occlusal attrition was recorded on an absent, slight (enamel wear), moderate (dentin exposure), and marked ( pulp exposure) gradient. here, we report only moderate and marked expressions of dental attrition.
Antemortem Tooth Loss (AMTL) -antemortem tooth loss (aMtl), or the loss of teeth before death, can be attributed to several pathological processes including periodontal disease, carious lesions, and alveolar defects ( lukacs 2007; Mays 2010) . the principal criterion for recognizing aMtl is alveolar bone remodeling following the loss of teeth during life. results the cultural practice of chewing betel quid influences many of the dental health indicators and has proven to complicate interpretations of oral health in the Mariana islands. for example, caries rates in other groups are often consistent enough to suggest a subsistence economy, but betel quid (including the seed of the areca palm, Areca catechu, leaf of Piper betle, and possibly powdered limestone) is cariostatic and also affects the prevalence of calculus, attrition, and periodontal disease (howden 1984; schamschula et al. 1977; trivedy et al. 2002) . Because of these complications, the health indicators will be examined in two parts: first leh, co, trauma, and infection, then dental pathology.
the first question that we address is whether there are differences in health between the sexes and, if so, whether the sex differences are consistent across the islands. we then examine differences in male and female health between the islands using stature, leh, co, spondylolysis, limb bone fracture, infection, and dental pathology.
Are There Differences in Health between the Sexes?: LEH, CO, Trauma, and Infection
guam: guam, the largest of the islands and the source of the largest number of skeletons, presents no statistically significant sex differences in frequencies of leh, co, spondylolysis, limb bone fractures, or treponemal disease (table 2) . however, the indicators of childhood stress and infection are more common in males than females, and, as expected, spondylolysis is more common in males than females.
rota: the island of rota is quite close to guam, which suggests that some of the people living on these two islands are genetically related. as is the case for guam, no significant sex differences are noted in frequencies of childhood stress, fracture, or infection in the rota skeletal series. fractures are more common in males, while treponemal infection is more common in females; childhood stress indicators are comparable for both sexes. tinian: although fractures and co are more common in males from tinian than in females, the only significant sex difference is in leh, signifying stress in early childhood, which is nearly ten times greater in females than males.
saipan: the trend for greater indicators of stress in males continues in the saipan series, with males exhibiting significantly higher frequencies of leh than females. co and fractures are also higher in males than females, while frequencies of infection are nearly identical for both sexes.
there are no statistically significant differences in male and female health on guam and rota. only one statistically significant difference between the sexes is noted on tinian and saipan, that is, frequencies of leh are greater in tinian females and saipan males. the small sample sizes for observations of co and spondylolysis may be influencing these results. when analyzed per island, these two health indicators are consistently greater in males compared to females, but the differences are significant only in the combined islands sample. overall, the lack of significant island-specific differences in these indicators of health suggests equality between the sexes in the risks of infection and bone fractures for all islands. for tinian and saipan there are differences between the sexes in childhood health.
Are Sex Differences Consistent across the Islands?: LEH, CO, Trauma, and Infection
with the exception of leh noted above, differences between sexes are consistent across the islands. although not statistically significant, males generally have higher frequencies of co, long limb bone fractures, and spondylolysis, while females have higher frequencies of treponemal infection. however, when all the island series are combined, which minimizes sample size issues, there are no significant differences in leh between the sexes, but the frequencies of co and spondylolysis are significantly greater in males ( fig. 2, table 2 ).
Are There Differences in Health between the Sexes?: Dental Indicators
guam: guam males have a significantly higher frequency of betel staining than females (table 3) . the only additional significant difference between sexes is a higher frequency of alveolar defects in females.
rota: for rota, males have significantly more dental caries than females, in spite of the significantly greater frequency of betel staining in males, which should have a cariostatic effect. extensive betel chewing may contribute to extreme dental attrition, promoting carious infection through the exposed pulp cavity. an alternative explanation, although difficult to prove, is that the staining in male teeth may be due to intentional staining (i.e., the staining is not due to betel chewing), which does not convey a cariostatic effect.
tinian: three indicators of oral-dental health are significantly different between the sexes in the tinian sample: caries, alveolar defects, and attrition are all greater in females than in males. this pattern is unexpected given the cariostatic nature of betel chewing, which is also significantly more common in tinian females; however, severe attrition observed in the female teeth from tinian can also result in caries and subsequent alveolar defects. saipan: saipan sex differences in dental indicators show significantly greater betel staining and attrition in female teeth and significantly fewer carious teeth than males, a pattern that is consistent with betel quid chewing.
overall, there are fewer island-specific differences in the frequencies of dental pathologies between the sexes for guam, rota, and saipan, when compared to tinian. the tinian series shows significantly greater frequencies of caries, alveolar defects, and attrition observed in females. the relatively small sample size for this island may account for these sex differences, although the combined island totals suggest these differences are real (see discussion below). other significant differences between the sexes are observed for betel staining. guam and rota males have significantly higher frequencies of staining than females from these islands, while females have greater betel staining than males on tinian and saipan. these differences are very likely influencing some of the other dental health indicators. regardless of the island, there are no significant differences between the sexes in the frequencies of aMtl and dental calculus.
Are Sex Differences Consistent across the Islands?: Dental Indicators
aMtl and dental calculus frequencies are consistent across the islands, showing no significant differences between the sexes. however, betel staining shows significant sex differences for all islands; it is greater in males from guam and rota and greater in females from tinian and saipan. where there is a significant difference, frequencies of alveolar defects and attrition are higher in females across the islands. caries rates vary the most: significantly higher caries rates are noted in males from rota and saipan and in females from tinian. when the frequencies from all four islands are combined, significant differences between the sexes are noted: betel staining, alveolar defects, and attrition are all higher in females ( fig. 3, table 3 ).
Are There Differences in Male Health between Islands?: Stature, LEH, CO, Trauma, and Treponemal Infection
comparison of average male statures for the four main islands reveals no significant differences between any of the islands (table 4) . Very similar mean male statures are reported for guam and rota (172 cm), approximately 2 cm less than the mean male statures for tinian and saipan. the tallest individual males are found on saipan (182 cm), rota (179 cm), and tinian (178 cm). the average male stature for Marianas skeletons is 173 cm, 13 cm greater than the average for living chamorro males from saipan measured by kotondo hasebe (1938) . a summary of fet results for males indicates no significant differences in the frequencies of co, spondylolysis, limb bone fractures, or treponemal infection between islands (table 5) . however, with the exception of rota (27.8%) and guam (32%), significant differences in male frequencies of leh were observed between the four main Mariana islands. the wide disparity in the frequency of leh for the remaining islands is due, in large measure, to the high frequency (63.3%) in saipan skeletons and the extremely low frequency (2.9%) in tinian skeletons. overall, with the exception of leh (a childhood indicator of health) there are few differences in male health between islands, with guam and rota the most similar ( fig. 4) . the frequencies of co, fractures, spondylolysis, and infection are uniformly low in males. the average frequency of leh (29.8%) in males is moderately high compared to the other indicators.
Are There Differences in Male Health between Islands?: Dental Indicators
comparisons of male frequencies of betel staining and dental pathology reveal numerous significant differences between islands ( fig. 5, table 5 ). Many of these differences occur between guam and saipan, rota and tinian, and between saipan and tinian. the greatest number of inter-island differences is observed for dental caries and alveolar defects. overall, there is less interisland variability for betel-stained teeth than for dental pathology. the results of comparing frequencies of dental pathology suggest differences in male health.
Are There Differences in Female Health between Islands?: Stature, LEH, CO, Trauma, and Treponemal Infection
comparison of average female statures reveals no significant differences between any of the islands (table 6) . the mean stature for females from guam is approximately 2 cm greater than the mean statures for rota, tinian, and saipan. the tallest individual female is found on rota (171 cm). overall, the average Mariana island female stature is 161 cm, nearly 13 cm shorter than the average male stature. fig. 4 . frequency of occurrence of linear enamel hypoplasia ( leh), cribra orbitalia (co), spondylolysis, limb bone fracture, and treponemal infection in male skeletons from guam, saipan, tinian, and rota. fig. 5 . frequency of occurrence of betel-stained teeth, antemortem tooth loss (aMtl), dental caries, alveolar defect, dental calculus, and dental attrition in male skeletons from guam, saipan, tinian, and rota. no significant differences for the frequencies of leh, limb bone fractures, and spondylolysis were observed for females between islands (table 7, fig. 6 ). with the exception of tinian (30%) and guam (0%), no significant differences in female frequencies of co were observed between islands. likewise with the exception of guam (4.1%) and rota (26.9%), no significant differences in female frequencies of treponemal infection were observed between islands. the greatest similarity of these indicators was observed between guam and rota, followed by tinian and saipan. overall, there are few differences in female health between the islands. the overall frequencies of co, fractures, spondylolysis, and infection are low in females. the average frequency of leh (28.1%) in females is moderately high compared to the other indicators.
Are There Differences in Female Health between Islands?: Dental Indicators
comparisons between islands demonstrate that there are as many significant as there are non-significant differences in the frequencies of betel staining and dental pathology amongst females ( fig. 7, table 7) . the greatest number of significant differences for females occurs between guam and saipan and between rota and tinian, similar to the trend observed in males, but also between guam and tinian. no significant differences for the frequencies of alveolar defects were found between the islands and the only significant differences in the frequency of dental caries were between tinian and saipan and between guam and tinian. again, as was the case for interisland comparisons of male health, the greatest similarity among females was observed between guam and rota, followed by tinian and saipan. fig. 6 . frequency of occurrence of linear enamel hypoplasia ( leh), cribra orbitalia (co), spondylolysis, limb bone fracture, and treponemal infection in female skeletons from guam, saipan, tinian, and rota. fig. 7 . frequency of occurrence of betel-stained teeth, antemortem tooth loss (aMtl), dental caries, alveolar defect, dental calculus, and dental attrition in female skeletons from guam, saipan, tinian, and rota.
discussion
Because the skeletal series from the Mariana islands examined in this article are primarily from the latte period, our discussion is restricted to this period. with the possible exception of the naton Beach site on guam ( walth 2013), there are very few Pre-latte skeletons available for study. the generally poor preservation of Pre-latte skeletons has been a further challenge to studies of guam's earliest inhabitants.
Sex Differences
Very few differences between male and female frequencies of leh, co, bone fractures, spondylolysis, and infection were observed in the skeletons from the Mariana islands. only one non-specific stress indicator, leh, an indicator related to early childhood health, was found to be significantly greater in tinian females and saipan males. Both these islands are vulnerable to water shortages, which, along with other environmental factors, may influence the risks of parasitic and other infections, especially during the weaning period. Differences in the frequency of enamel defects in females and males have often been linked to male vulnerability, since females are better buffered biologically than males (stini 1985) . however, a review by guatellisteinberg and lukacs (1999) of sex differences in enamel hypoplasia in human and non-human primates concluded that sex-biased parental investment following birth influences sex differences in enamel hypoplasia more than greater male vulnerability. this raises the possibility that higher frequencies of leh may be related to preferential investment in sons on tinian and in daughters on saipan. Differences between sexes for the other markers were about the same across all islands. while not statistically significant, males had higher levels of co, limb bone fractures, and spondylolysis, while females had more treponemal infection. however, when island frequencies are combined, males had significantly higher frequencies of co and spondylolysis than females. given physiological differences in hormone levels and immune function in males and females, stuart-Macadam (1998) noted that iron deficiency anemia is more common and more severe in boys than girls. the greater risk of stress fractures in the lower lumbar region among males is linked to the construction of latte sets (arriaza 1997). likewise, the presence of occipital superstructures in the crania of ancient chamorro males is attributed to increased musculoskeletal exertion and strength required for heavy lifting associated with the construction of latte house foundations (heathcote et al. 2012) .
Influence of Chewing Betel Nut
some of the observed differences in the frequencies of dental caries, aMtl, and attrition are likely influenced by the chewing of betel nut (areca seed). epidemiological evidence demonstrates a link between chewing areca seed, increased dental attrition (iarc 2004; kumar et al. 2004) , and protection against dental caries, as well as effects on other oral-dental pathologies in living people (chatrchaiwiwatana 2006; howden 1984; Möller et al. 2009; schamschula et al. 1977; trivedy et al. 2002) . further research demonstrated that dental calculus might be greater in areca chewers (chatrchaiwiwatana 2006) . it is therefore expected that skeletons with higher levels of betel-stained teeth should exhibit lower frequencies of dental caries and higher fre-quencies of dental attrition and dental calculus. likewise, a lower caries rate should also result in lower frequencies of alveolar defects and aMtl.
when the island frequencies of dental indicators are combined, females are found to have significantly more betel-stained teeth than males. while not significant, as expected, the frequency of aMtl and caries were lower and the frequency of advanced dental attrition was higher in females than in males. however, a lower frequency of alveolar defects and higher frequency of dental calculus in females were not observed in these results.
Water one factor that may have had implications for health among the prehistoric inhabitants of the Mariana islands is the source of drinking water. larger, prehistoric settlements on tinian and saipan most likely relied on brackish well water (hunteranderson and Butler 1995 : 3) . the degree of pollution from seawater and human and animal wastes on these sources of drinking water is unknown, but any contamination likely impacted health negatively. in contrast to tinian and saipan, rota probably had the best sources of water overall with the existence of many water caves. guam, with the presence of flowing rivers, water caves, and a larger landmass for water catchment, is also likely to have had comparatively good sources of drinking water. the similarities in health between guam and rota on the one hand and tinian and saipan on the other may be linked to availability of fresh drinking water on these islands.
Island Size and Geography (Guam and Rota versus Tinian and Saipan)
two previous investigations of health and lifestyle in the Mariana islands indicated that the prehistoric inhabitants living on the smaller islands of this archipelago experienced more stress than those living on the larger islands ( Pietrusewsky et al. 1997; Pietrusewsky et al. 2014) . cultural behaviors such as chewing areca seed ( betel nut) and environmental factors were cited as possible explanations for these differences. an exception to this observation is the similarity in health markers for rota, the smallest island, and guam, the largest island. for many of the indicators examined (i.e., stature, limb bone fracture, spondylolysis, treponemal infection, and alveolar defect) no significant differences were observed among islands.
in the present study, significant differences in male health were observed between islands for several indicators, including leh and all the dental pathologies. for females, significant differences between islands were observed for co, treponemal infection, and most of the dental pathologies. combining the male and female results, the greatest number of significant differences occurs between guam and saipan, guam and tinian, and rota and tinian. the greatest number of similarities is between guam and rota and between the more distant islands of tinian and saipan.
the proximity of guam to rota in the south and tinian to saipan in the north may have occasioned more frequent contact between the inhabitants of these island pairs for marriage partners, trade, exchange, and access to resources. these interactions may have had an impact on health. the proximity of the smaller islands ( rota and tinian) to the two largest islands (guam and saipan) would have made permanent settlement on the smaller islands more desirable (hunter-anderson and Butler 1995 : 35) .
hunter-anderson (2010) further asserts that a possible cultural adaptation to environmental fluctuations experienced by the prehistoric chamorro may have been maintenance of social and/or genetic networks with people living in neighboring locales as well as nearby and more distant islands. During times of severe climatic fluctuations, such as during the lia, these larger interisland lineage or social networks may have contracted, leading to large island/small island partnerships that would have helped minimize the health vulnerabilities of those living on the smaller islands. the identification in the archaeological record of two distinct ceramic traditions, one for guam and rota and another for saipan and tinian ( Dickinson et al. 2001; graves et al. 1990) , supports this geographic and possibly genetic patterning, and may explain at least in part the observed differences in health between these islands. conclusions this study, based on 333 skeletons from the Mariana islands, mostly from the latte period (a.d. 900 -1700), found very few differences between sexes for each of the four main islands for the risk of anemia, infection, or injury. with the exception of leh, a childhood indicator of health, the observed patterns of differences between sexes are consistent across the islands: males generally having higher frequencies of co, fractures, and spondylolysis, while females generally have more infection. when frequencies for the islands are combined, males were found to have significantly more co and spondylolysis than females. however, with the exception of aMtl and dental calculus, significant differences in the frequencies of dental pathology and betel-stained teeth were observed between sexes, with tinian island showing the greatest number of differences. the frequencies of aMtl, caries, and dental calculus were generally higher in males. for females, frequencies of betel-stained teeth, alveolar defects, and attrition were generally higher. chewing areca seed ( betel nut) is cited as likely influencing these dental pathology frequencies.
examining male health across the islands demonstrates no significant differences for stature, anemia, trauma, or infection, but significant differences for betel and dental pathology were observed. likewise, there are few differences between islands in female stature, trauma, and infection, but, with the exception of alveolar defects, differences in dental pathology between islands were observed. the prehistoric inhabitants of guam and rota have similar health profiles, as do those on tinian and saipan. overall, with the exception of treponemal infection, which was likely already endemic during the latte period, the early inhabitants of the Mariana islands enjoyed overall good health. their relatively tall stature, low frequencies of fractures and anemia, and generally good dental health support this conclusion. included among the factors that are likely to have influenced the health of these prehistoric people were access to fresh drinking water, island size, microclimates, differential access to resources, vulnerability to natural disasters, climate change, social and lineal networks, and cultural practices.
additional well-dated skeletons from the Mariana islands from the earliest settlement to the latte and historic periods will allow verification of these conclusions as well as examination of possible temporal changes in health. future research, including Dna analysis and isotope analysis, will help refine whether some of the observed dif-ferences between islands may be due to a shared genetic predisposition of those living on proximate islands and whether they have a shared susceptibility or resistance to disease that result in similar health outcomes. acknowledgments our thanks to Mr. Marween yagan, graphics specialist, center for instructional support, university of hawai'i at Mānoa, who produced the figures. Vincent sava kindly allowed us to use some of his data recorded on skeletons excavated during waterline construction in songsong Village in 1997 by Paul h. rosendahl, Ph.D., inc. we gratefully acknowledge the support of the international archaeological research institute, inc. (honolulu) and the historic Preservation Division of the commonwealth of the northern Mariana islands for access to several important skeletal series used in this study. swift and harper archaeological resource consulting, saipan, received u.s. capital improvement funds for the tinian waterline Project and u.s. federal highway funds for the tinian route 202 Project. finally, we are grateful for the helpful comments and suggestions of two anonymous reviewers and the editors.
females. examining islands separately, no significant sex differences were observed for co, spondylolysis, fractures, treponemal infection, aMtl, or dental calculus. significant sex differences were observed for leh, betel-stained teeth, and the other dental pathologies. with few exceptions, sex differences in the observed indicators were consistent across islands. observing male and female health across the islands revealed no significant differences for stature, trauma or infections. for the remaining indicators, significant differences were observed. similarities in health between guam and rota in the south and tinian and saipan located farther north suggest that geography, environmental constraints, and social and cultural networking were important variables affecting the health and lives of the early inhabitants of the Mariana islands. Keywords: Mariana islands, chamorro, bioarchaeology, indicators of health, palaeopathology.
